To evaluate the findings on chest CTs in 16 patients (8 men and 8 women) with laryngotracheobronchial papillomatosis. Methods: This was a retrospective study involving patients ranging from 2 to 72 years of age. The evaluation of the CT scans was independently performed by two observers, and discordant results were resolved by consensus. The inclusion criteria were presence of abnormalities on the CT scans, and the diagnosis was confirmed by anatomopathological examination of the papillomatous lesions. Results: The most common symptoms were hoarseness, cough, dyspnea, and recurrent respiratory infections. The major CT findings were nodular formations in the trachea, solid or cavitated nodules in the lung parenchyma, air trapping, masses, and consolidation. Nodular formations in the trachea were observed in 14 patients (87.5%). Only 2 patients had lesions in lung parenchyma without tracheal involvement. Only 1 patient had no pulmonary dissemination of the disease, showing airway involvement only. Solid and cavitated lung nodules were observed in 14 patients (87.5%) and 13 (81.2%), respectively. Masses were observed in 6 patients (37.5%); air trapping, in 3 (18.7%); consolidation in 3 (18.7%); and pleural effusion, in 1 (6.3%). Pulmonary involvement was bilateral in all cases. Conclusions: The most common tomography findings were nodular formations in the trachea, as well as solid or cavitated nodules and masses in the lung parenchyma. Malignant transformation of the lesions was observed in 5 cases.
INTRODUCTION
Laryngotracheobronchial papillomatosis (LTBP) is a disease caused by HPV, characterized by the appearance of papillomas in any part of the aerodigestive tract. (1) (2) (3) (4) (5) Although LTBP affects the larynx more commonly, the central airway can be involved in less than 5% of cases, and distal dissemination to the lung parenchyma occurs in about 1% of cases. (2, 4, 6, 7) The disease has a higher incidence in children and is the most common benign laryngeal neoplasia in this age group. (4, (6) (7) (8) (9) It is assumed that the infection is more commonly acquired during birth, during the passage through the birth canal in mothers infected by the virus. Adults may also present LTBP, in whom the contamination by the virus is usually related to sexual contact. (1, 3, 4, 10, 11) Although a presumptive diagnosis can be made based on the history and clinical-radiological findings, the final diagnosis is made by histopathological analysis of the laryngeal or tracheal lesions, collected by bronchoscopy. (4) The course of the disease is unpredictable, ranging from spontaneous remission to aggressive disease with pulmonary dissemination and the need for multiple surgical procedures to maintain airway patency. (5) The objective of the present study was to evaluate the CT scans of 16 patients with LTBP in order to identify the most common tomography findings. In addition, some clinical and epidemiological aspects of the disease have been reported.
METHODS
This was a retrospective study involving 16 patients with LTBP and their CT scans of the chest. These scans were randomly collected through personal contacts with radiologists, originating from eight different institutions, located in five Brazilian states and in Canada. The diagnosis of LTBP was confirmed by the association of clinical, radiological, and histopathological data.
The CTs of the chest, due to the multiple institutions involved, were performed in different scanners, and, in all cases, using the high resolution technique. Ten-millimeter HRCT scans were taken using fine axial sections, 1-2 mm in thickness, from the lung apices to the bases during inspiration, with the patient in the supine position, a high spatial resolution filter being used for image reconstruction. In some cases, iodinated contrast medium was injected intravenously. The images were obtained and reconstructed in a matrix of 512 × 512, window openings ranging from 1,000 to 1,500 HU, and levels between −650 and −750 HU. The images were digitized and photographed for the evaluation of the lung fields. Scans were also performed using a mediastinal window with a width between 350 and 400 HU and a center between 40 and 60 HU for the evaluation of the mediastinum.
The evaluation of the HRCT scans was independently performed by two observers, and discordant results were resolved by consensus. Regarding the pattern of the findings, air trapping was defined as reduced attenuation of the lung parenchyma, evidenced mainly by a lower density than usual and absence of reduced lung volume; consolidation was defined as increased attenuation of the lung parenchyma that prevented the visualization of vessels and external contours of the bronchial walls; cavitation was defined as gas-filled spaces, with or without air-fluid level, within a nodule, mass, or pulmonary consolidation; mass was defined as any expansive pulmonary, pleural, mediastinal, or chest wall lesion presenting density of soft, fatty, or bony tissue greater than 3 cm in diameter, regardless of its contours or the heterogeneity of its contents; and nodule was defined as a focal opacity that is rounded, or at least partially delineated, smaller than 3 cm in diameter, and generally presenting soft tissue or calcified tissue density. The criteria for defining these findings are those reported in the Fleischner Society glossary of terms, (12) and the terminology used is that suggested in the terminology consensus by the Department of Imaging of the Brazilian Thoracic Association. (13) The scans were also evaluated for lesions in the central airways, pleural effusion, or any other associated pulmonary or extrapulmonary abnormalities.
RESULTS

Clinical and epidemiological characteristics
Sixteen patients with LTBP were evaluated, 8 (50%) being male and 8 female (50%). Regarding the age group, our sample ranged from 2 to 72 years (mean = 25.7 years; median = 15.0 years, interquartile range [IQR]: 6-42 years). Regarding clinical symptoms, hoarseness was reported in 8 patients (50.0%); cough, in 7 patients (43.7%); and dyspnea, in 6 patients (37.5%). Recurrent pneumonias were also reported in 6 patients (37.5%). Of the 16 patients, 5 (31.2%) developed malignancy (squamous cell carcinoma), all being female, with ages ranging from 7 to 72 years. All of the patients presented weight loss at the time of diagnosis. Four patients underwent tracheostomy during the course of the disease, 2 being male (6 and 11 years of age) and two, female (2 and 5 years of age).
Tomography findings
The major tomography patterns were nodular lesions in the trachea and solid or cavitated nodules in the lung parenchyma. Other less prevalent findings were mass, consolidation, air trapping, and pleural effusion ( Figures  1, 2 and 3) . In relation to the lower airways, tracheal involvement was found in 14 patients, whereas main bronchus involvement was found in only 4 patients. The CT images revealed that this involvement of the lower airways was represented by nodular thickening of the trachea and of the main bronchi and by nodular lesions of the walls. Solid nodules in the lung parenchyma were found in 14 patients (87.5%), and cavitated nodules were found in 13 patients (81.2%). Masses were observed in 6 patients (37.5%); air trapping, in 3 (18.7%); and pleural effusion, in only 1 (6.2%). Only 1 patient presented no pulmonary dissemination of the disease, showing airway involvement only. The 6 patients who presented masses on the CT images were submitted to pulmonary biopsy, and squamous cell carcinoma was diagnosed in 4 of these patients. One of the patients who presented consolidation was also later diagnosed as having malignant degeneration. Pulmonary involvement was bilateral in all cases.
DISCUSSION
LTBP has a characteristic bimodal distribution, affecting children and young adults. (1, 14) The juvenile form of the disease begins before the age of 20 years and is most often diagnosed before the age of 5. (3, 15, 16) The adult form begins after the age of 20, being more common in males in the third or fourth decades of life. (3, 4, 9, 17, 18) Orlamd et al., (19) studying 224 patients, found that 174 (77.7%) had the juvenile form of the disease, whereas 50 (22.3%) had the adult form. Among the children in that study, 81% were male. In adults, males also prevailed, comprising 62% of the cases. In our sample, the age of the patients ranged from 2 to 72 years (mean = 25.7 years; median = 15 years; IQR: 6-42 years), 8 (50%) being male and 8 (50%), female. Nine patients developed LTBP up to 20 years of age, presenting the juvenile form of the disease. Although the other 7 patients were older than 20 years of age, they can not be said to have the adult form of the disease, since the ages corresponded to the time of CT scanning and not necessarily to the time of the onset of the disease.
The estimated incidence of LTBP is approximately 4:100,000 in children and 2:100,000 in adults. (1, 3, 14, 15) The rates vary according to some factors, such as the age at the onset of the disease, the country studied, and the socioeconomic status of the patients.
(1) The incidence is higher in places with lower socioeconomic level, due to the higher prevalence of HPV infection. (5) The most common clinical manifestations are hoarseness, cough, stridor, dyspnea and recurrent infections. Abdulrazak et al. (21) reported that all of the 31 patients in their study showed hoarseness as a symptom, followed by dyspnea in 9 patients (29%). In our sample, the most common symptom was also hoarseness, in 8 patients (50.0%); followed by cough, in 7 (43.7%); dyspnea and recurrent pneumonias, both in 6 (37.5%); and weight loss, in 5 (31.2%). The 5 patients who complained of weight loss were subsequently diagnosed with malignant lesions by biopsy. Tracheostomy may be necessary when there is a serious risk of airway obstruction by papillomatous lesions. In the literature, it is estimated that the need for tracheostomy varies from 13% to 21% in juvenile papillomatosis cases and from 4% to 6% in adult papillomatosis cases. In our study, there were 4 children who needed tracheostomy throughout the course of the disease.
LTBP has the potential to become malignant, especially as squamous cell carcinoma of the lung. (3, 4, 16, 22) The estimated malignancy rate of LTBP is approximately 3-7% in adults and less than 1% in children. (17) In our sample, 5 cases (31.3%) progressed to malignancy, all of which in the form of squamous cell carcinoma of the lung. These 5 patients were female, 4 of whom were adults, ranging from 32 to 72 years of age, and 1 was a child (7 years of age).
Chest CT is the imaging method of choice for the identification and characterization of tracheobronchial polypoid lesions and for the recognition of small nodules during the pulmonary dissemination phase. Chest x-rays may eventually demonstrate solid or cavitated lung nodules; however, tracheal or bronchial lesions are difficult to be identified by this method. Focal or diffuse nodular narrowing, as well as nodular, pedunculated, or sessile polypoid lesions, are generally found in the trachea and the main bronchi, whereas nodules of varying sizes, usually multiple and well circumscribed, are observed in the lung parenchyma. The nodules may be solid or cavitated, with thin or moderately thick walls (2-3 mm or more). Most nodules are small and homogeneous when discovered early, but they can develop large air cavities as they grow and become confluent. (4, 7, 15, 23, 24) When there are superimposed infections or airway obstruction, there may be cavitated nodules containing air-fluid level/debris, consolidations, atelectasis due to airway obstruction, air trapping, and bronchiectasis. (24) (25) (26) (27) In our sample, 15 patients had lesions in the lung parenchyma, and only 1 of these showed airway lesions only, with no pulmonary dissemination. Nodular formations in the trachea were observed in 14 patients (87.5%), and parietal nodular formations were also observed in the main bronchi in 4. Solid nodules in the lung parenchyma were found in 14 patients (87.5%), and cavitated nodules, in 13 (81.2%). These nodules had irregular internal contours and walls of varying thicknesses. The lesions were multilobulated and confluent in 8 (50.0%) and 8 patients, respectively. Air trapping was observed in 3 patients (18.7%), and pleural effusion, in only 1 (6.2%). An association with mass was found in 6 patients (37.5%), and consolidation, in 3 (18.7%). Five patients were subsequently diagnosed with squamous cell carcinoma.
Our study had some limitations. The study was retrospective and observational. The analysis of some cases was transversal, without any evaluation of the evolution of and possible complications due to LTBP. The techniques used for CT scanning varied according to the protocol of each institution involved in the research. However, we believe that this variation had no impact on the results. Despite these limitations, we found no case series in the literature that focused on the tomography findings of as many LTBP cases as in our study. In conclusion, the most common tomography findings were nodular formations in the trachea, solid or cavitated nodules in the lung parenchyma, masses, consolidations, and air trapping. Cavitated nodules had irregular borders and walls of varying thicknesses. Most were multilobulated and confluent. Malignant transformation of the lesions was observed in 5 cases, all of which were female. Male patient, 4 years old. Axial CT scans (lung window) above (in A) and below (in B) the bronchial bifurcation. In both scans, there are areas of air trapping (white asterisks) and multiple diffuse solid and cavitated nodules in the lungs. In A, there is an irregular narrowing of the tracheal lumen due to polypoid formations (arrow). In B, there is also a mass in the lower lobe of the left lung (black asterisk). The histopathological study of the mass revealed malignant transformation (squamous cell carcinoma).
